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Novel lymphatic imaging and interventional techniques are increasingly used in the
diagnostic workup and treatment of pathologies of the central lymphatic system and
have opened a new field of interventional radiology. The mainstay of lymphatic
imaging today is magnetic resonance lymphangiography (MRL). It provides informa-
tion on the anatomy of the central lymphatic system, lymphatic flow, as well as
lymphatic pathologies and therefore is a valuable tool for treatment planning. There
are two techniques to perform contrast-enhanced MRL: nodal dynamic contrast-
enhanced MRL (nodal DCE-MRL) and interstitial transpedal MRL (tMRL). Nodal DCE-
MRL yields superior information on lymphatic flow dynamics and is therefore best
suited for suspected lymphatic flow pathologies and lymphatic malformations. tMRL is
a technically simpler alternative for central lymphatic visualization without the need for
sonographically guided lymph node cannulation. This review article describes current
MRL techniques with a focus on contrast-enhanced MRL, their specific advantages, and
possible clinical applications in patients suffering from pathologies of the central

radiology lymphatic system.

The central lymphatic system consists of a network of lymph
vessels that converge into the cisterna chyli and the thoracic
duct which drains the lymph of the lower body into the venous
system. Pathologies of the central lymphatic system have a
broad spectrum. They range from traumatic/iatrogenic lymph
vessel or node injury and secondary lymphatic involvement in
various medical condition to primary abnormalities of the
lymphatic system.' > Development of a deeper understanding
of these often complex pathologies was for a long time
hampered by the lack of viable ways to visualize the central
lymphatic system in vivo.?

Over the last two decades, several new minimally invasive
treatment options for lymphatic pathologies have been devel-
oped, which were at first based on visualization of lymphatic
anatomy by conventional pedal lymphangiography with an
oily contrast agent.2’4‘7 This led to a renaissance of X-ray
lymphangiography at a small number of specialized centers.??
The rediscovery of intranodal lymphangiography by ultra-
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sound-guided inguinal lymph node access simplified the
procedure®'? and was the starting point for further develop-
ments in lymphatic imaging and interventions.

However, due to the technical challenges and possible
complications of pedal lymphangiography and owing to the
increasing complexity of interventional procedures, ade-
quate planning of these procedures became ever more
important.> The only available less invasive imaging tech-
nique at the time was pedal lymphoscintigraphy, which does
not yield a high enough spatial resolution for interventional
planning."" In answer to this need, several magnetic reso-
nance (MR)-based imaging techniques have been developed
in recent years.&n‘14

These techniques are:

» Noncontrast MR lymphangiography (MRL).
* Nodal dynamic contrast-enhanced MRL (DCE-MRL).
* Interstitial transpedal MRL (tMRL).
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Nodal and Pedal MR Lymphangiography of the Central Lymphatic System

Both contrast-enhanced MRL techniques utilize dynamic
MRI to observe lymphatic flow during/after injection of a
standard gadolinium-based contrast agent into lymph nodes
or into the skin of the foot or hand. Recent literature has
documented a significant clinical value of MRL for the
diagnosis and treatment of patients with central lymphatic
disorders forgoing the need of an oily contrast agent.®'3-1°

This review article describes current MRL techniques with
a focus on contrast-enhanced MRL techniques, their specific
advantages, and possible clinical applications in patients
suffering from pathologies of the central lymphatic system.

Anatomy of the Central Lymphatic System

The central lymphatic system falls into three distinct parts that
differ in origin and therefore also in fluid composition: hepatic,
intestinal, and peripheral. These systems drain via the hepatic
lymphatic trunk, the intestinal lymphatic trunk, and two
lumbar lymphatic trunks into the cisterna chyli which is
typically located in the retroperitoneum between the 12th
thoracicand 2nd lumbar vertebra. The thoracic duct drains the
lymph from the cisterna chyli (of which ~80% is generated by
liver and intestine'®) running through the posterior mediasti-
num terminating in the left venous angle. The thoracic duct
also receives several branches draining lymph from the
lungs. From the level of the hepatic, intestinal, and lumbar
trunks upward, there are no interposed lymph nodes, making
the central lymphatic system a continuous vessel network
(=Fig. 1). Flow within central lymphatics under normal con-
ditions is unidirectional toward the venous termination of the
thoracic duct.'”:'8

However, the described anatomy is observed only in 40 to
60% of patients and anatomical variations of central lym-
phatics are frequent'® (~Table 1, ~Fig. 2). The individual
variation of lymph vessel anatomy makes pretherapeutic
imaging of the lymphatic system important or even a neces-
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Table 1 Common anatomical variations of the central
lymphatic system of the thorax (modified Johnson et al19)

1. No discernable cisterna chyli (> 30% of patients)

2. Left-sided thoracic duct (36%) (thoracic duct posterior
to the aortal)

3. Right-sided thoracic duct (6%)

4. Duplications of the thoracic duct with one or multiple
venous terminations

5. Multiple, plexiform lymphatic vessels, no discernable
thoracic duct

6. Multiple terminations of the thoracic ductin the venous
angle, the subclavian and/or internal jugular vein

sity for treatment planning prior to interventional or surgical
occlusion of large lymphatic trunks.

Lymphatic Imaging

Visualization of the central lymphatic system and associated
pathologies is technically challenging and is typically not
successful on conventional computed tomography or MRI
due to:

* Alackof attenuation/signal intensity differences between
lymphatic vessels and the surrounding tissue.

* Low diameter of lymphatic vessels.

» Motion artifacts (breathing, heart movement).

However, high-resolution imaging of the lymphatic sys-
tem has become increasingly important to understand often
complex pathological processes to adequately plan and
perform treatment. The following imaging techniques are
currently available for the evaluation of the lymphatic
system.

2,8

Fig.1 Anatomy of the central lymphatic system. Coronal maximum intensity projections of (a) contrast-enhanced interstitial transpedal and (b)
nodal MR lymphangiograms demonstrating typical anatomy without pathological findings (short white arrows: lumbar lymphatics, long white
arrow: cisterna chyli, arrowheads: thoracic duct, black arrow: termination of thoracic duct in the left venous angle).
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Fig. 2 Example of a typical anatomical variant. Noncontrast MR
lymphangiogram demonstrating duplications of the thoracic duct in
the upper thorax as an anatomical variant without pathological value.

Direct Lymph Vessel Visualization

 Pedal or nodal oily X-ray lymphangiography (with CT
lymphangiography).
* Nodal MRL.

Indirect Lymph Vessel Visualization

* Noncontrast MRL.
* Interstitial tMRL.
* Lymphoscintigraphy.

Although oily X-ray lymphangiography is still considered to
be the imaging gold standard yielding high-resolution
images for anatomic and functional evaluation of the central
lymphatic system, it is technically challenging (pedal), time
consuming due to often rather slow flow of the oily contrast
agent, as well as burdened with possible complications (e.g.,
possible development of lymphedema, systemic emboliza-
tion) and radiation exposure.'>'*Its use should therefore be
limited to therapeutic procedures.?’ Lymphoscintigraphy is
a useful tool for functional evaluation of lymphatic flow, but
does not yield a high enough spatial resolution for anatomic
evaluation of individual lymphatic ducts especially in the
central lymphatic system.'?

Therefore, MRL plays an important role in the diagnostic
workup of suspected pathologies of the lymphatic system by
allowing for high-resolution visualization of even small
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lymphatics and depiction of lymphatic flow. MRL can there-
fore be used not only to characterize pathologies such as
localized leakages but also to assess function and patency
(e.g., lymphatic-to-venous run-off).

Magnetic Resonance Imaging Techniques

MRL is a relatively new imaging technique to visualize the
anatomy of and flow within the lymphatic system. MRL can
be performed primarily for diagnostic purposes (e.g., in
patients with lymphedema) or can be used as a planning
tool prior to lymphatic interventions/surgery. It can be
performed with or without contrast medium application. If
CE-MRL is intended, special contrast administration regimes
into the lymphatic system are necessary. There are two basic
imaging principles for MRL'3:

1. Heavily T2-weighted sequences (the so-called noncon-
trast MRL; ~Fig. 2).
2. T1-weighted contrast-enhanced sequences (~Fig. 1).

Noncontrast MRL offers noninvasive visualization of lym-
phatic anatomy by demonstrating intravascular fluid in
contrast to the surrounding tissue. Dynamic depiction of
lymphatic flow, however, is not possible. In patients with
retroperitoneal or mediastinal edema or large effusions,
lymphatics can be masked on noncontrast MRL, so that
contrast-enhanced MRL may be necessary.

Contrast-enhanced MRL was initially introduced for the
examination of peripheral lymphatics (e.g., in patients with
peripheral lymphedema) employing peripheral intradermal/
interstitial injection of a standard MR contrast agentm‘22
(=~Fig. 3). However, using this technique does in most cases
not lead to contrast enhancement of central lymphatics. Today,
there are two different techniques of contrast application to
perform contrast-enhanced MRL of the central lymphatic
system:

1. Nodal contrast application via direct puncture of a lymph
node.

2. Adapted interstitial transpedal contrast-application
technique.

Both techniques of MRL can be performed with a standard
commercially available extracellular contrast agent. In general,
lymphatic contrast application is an off-label use of the MR
contrast agent and patients have to be informed about this fact.
However, current experiencesg'B'14 have not shown adverse
events related to contrast injection. Local infections or reac-
tions to the contrast medium are potential complications.?>

Noncontrast Magnetic Resonance
Lymphangiography

Noncontrast MRL can be performed using heavily T2-weight-
ed MR imaging at 1.5 or 3T as the sole technique of lymphatic
imaging®* or can be followed by contrast-enhanced MRL.
Usually, a coronal or sagittal, respiratory-triggered, and/or
cardiac-gated three-dimensional (3D) sequence similar to
magnetic resonance cholangiopancreatography is acquired

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Nodal and Pedal MR Lymphangiography of the Central Lymphatic System

Pieper

Fig. 3 Peripheral lymphatic system. Interstitial transpedal MR lymphangiograms of two patients suffering from (a) primary and (b) secondary lymphedema.
(a) Lymph vessel hyperplasia with dilated and tortuous lymph vessels and collateral pathways as well as dermal backflow. (b) Signs of lymph flow obstructionin
a patient after inguinal lymphadenectomy with lymphatic backflow into cutaneous lymphatic networks and multiple focal areas of dermal backflow.

with the patient in supine position using an anterior-phased
array coil.?> Noncontrast MRL can visualize static central
lymphatic anatomy?®2” as well as pathologies such as effu-
sions, soft-tissue edema, or lymphangiectasia.?>% However,
flow dynamics within lymphatic ducts cannot be evaluated.

Nodal Dynamic Contrast-Enhanced
Magnetic Resonance Lymphangiography

Nodal DCE-MRL can be performed on both 1.5 and 3 T
scanners.'>?° A similar technique of contrast application as
performed for nodal X-ray lymphangiography is employed.?°
Instead of fluoroscopy, MR is used to visualize contrast medi-
um flow through the lymphatic system, enabling true dynamic
imaging comparable to arterial and venous MR angiography.

Basic logistic prerequisites of nodal DCE-MRL are as
follows:

* A detachable MR scanner table.
* An ultrasound machine close to the MR scanner room for
sterile, ultrasound-guided lymph node cannulation.

Examination Protocol
Before a DCE-MRL examination is scheduled, sonographic
evaluation of both groins is advisable to identify lymph nodes
suitable for puncture beforehand. This is particularly recom-
mended in small children. Furthermore, the usual precautions
of intravenous contrast application also apply to MRL.
DCE-MRL can be performed under deep sedation as well as
general or local anesthesia, depending on patient’s age and
clinical condition. Especially younger pediatric patients usu-
ally require deep sedation or general anesthesia, while in adult

Fig. 4 Ultrasound-guided lymph node puncture. A 25- to 22-gauge needle
is placed into the center of a lymph node for contrast application.

patients DCE-MRL can be performed under local anesthesia
alone.

The patient is placed in supine position on the detachable
MR scanner table and both groins are prepared for sterile
ultrasound-guided lymph node cannulation. Puncture is per-
formed with a 25- to 22-gauge needle or similar sized angio-
catheter,'® which is placed centrally into an inguinal lymph
node (~Fig. 4). Adequate needle position is then checked by
injecting a small amount of saline solution which should not
show extravasation. After the needle position is confirmed, it is
recommended to inject 1 to 2 mL local anesthetic (e.g., lido-
caine), because the following contrast injection is often pain-
ful. After that the needle can be fixated. The needle is
connected to a 30- to 50-cm-long tube with a three-way
stop cock at the distal end with two connected syringes: one
with diluted MR contrast agent and one with saline solution.

Alternatively, contrast-enhanced ultrasound can be used
to confirm appropriate intranodal placement of the needle.>°
Although intranodal injection of ultrasound contrast is an
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off-label use, it has been reported to be helpful to reduce the
number of patient transfers after puncture due to needle
malpositioning. The position of the needles with efferent
flow into pelvic lymphatics is confirmed by injecting 1 mL of
US contrast agent mixed with 2 mL of lidocaine.

Lymph node cannulation can be done already outside of
the scanner room. The patient is then transferred into the
scanner to begin the examination. An anterior torso MR coil
is placed on the patient, taking care of not dislocating the
needles. In smaller patients/children, a plastic tray can be
used to prevent contact of the coil with the patient, thereby
decreasing the risk of needle dislocation.

Another option is to perform nodal MRL in a XMR suit—if
available—where needle position can be confirmed by injec-
tion of a small amount of water-soluble X-ray contrast agent
under fluoroscopy before the patient is transferred into the
MR scanner.

The author prefers to initially place the patient on the
table inside the scanner and start by acquiring noncontrast
images, then move the table out of the scanner room to place
the needles into the lymph nodes and continue the exami-
nation with contrast injection afterward. This is done to
minimize the time within the scanner with needles in place
to avoid dislocation.

The MR examination typically comprises axial and coro-
nal T2-weighted imaging, 3D heavily T2-weighted imaging,
as well as noncontrast and dynamic postcontrast T1-weight-
ed imaging covering the entire torso from the groins to the
neck.3! T2-weighted sequences primarily serve for anatomi-
cal evaluation as well as for detection of areas of edema and
gross lymphatic anatomy.

After acquisition of a noncontrast T1-weighted sequence,
the examination is continued under continuous slow injec-
tion of diluted contrast agent (5-10 mL per lymph node)
either by hand or using an injection pump at a flow rate of 0.5
to 1 mL per minute. Standard MR contrast agent can be used
for DCE-MRL. In younger children, a dilution of 1:2 and in
older patients of 1:1 with saline solution has been recom-
mended." This is done in an effort to reduce T2* effects
which can interfere with image quality. The same body
weight-adapted overall contrast medium dose is recom-
mended as for intravenous application. If injection volume

Table 2 MR lymphangiography protocol
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of the diluted contrast agent is too low, saline solution can be
injected to flush the contrast-medium upward.

During contrast-medium flow, coronal T1-weighted
images (3D gradient echo sequences) are acquired at time
intervals of approximately 30seconds to 1minute once
initial enhancement of retroperitoneal lymphatics is seen,
to document lymphatic flow until the venous angle is
reached or chylous reflux (i.e., retrograde flow away from
the central lymphatic system) is seen. Typically, contrast-
medium flow should be monitored for approximately 15 to
30 minutes.'? Axial T1-weighted images as well as delayed
higher resolution coronal images can also be acquired
according to the individual situation of the patient. After
contrast injection, the needles are removed. The examina-
tion protocol of DCE-MRL is summarized in =Table 2.

Multiplanar reconstructions and maximum-intensity
projections are helpful for image interpretation which
should always be performed by simultaneously appreciating
both anatomical information from T2- and anatomical and
flow information from dynamic T1-weighted imaging.

Transpedal Magnetic Resonance
Lymphangiography

Nodal DCE-MRL yields unparalleled visualization of central
lymphatic anatomy, function, and lymphatic patholo-
gies.'>1> However, there are several logistic prerequisites
that have to be met, such as a detachable MR table and a
sonography unit in close proximity to the MR scanner room.
DCE-MRL can also be time consuming due to required patient
transfers and inguinal lymph node puncture.

tMRL has recently been described as a technically simpler
alternative that can also be used for the assessment of the
central lymphatic system employing pedal interstitial injec-
tion of a standard MRI contrast agent.®14 It forgoes the need
for sonographically guided lymph node puncture outside of
the MRI scanner room and associated patient transfers and
therefore the risk of needle dislocation. tMRL can also be
employed when no inguinal lymph nodes are visible on
sonography or cannulation is technically unsuccessful. Due
to low logistic demands, tMRL can readily be performed in
clinical routine.

Nodal DCE-MRL

Interstitial transpedal MRL

Axial fat-suppressed T2 or STIR

Local anesthesia of pedal injection sites

Coronal or sagittal 3D T2 (long TE) “MRCP”

Axial fat-suppressed T2 or STIR

Axial and coronal noncontrast fat-suppressed T1

Coronal or sagittal 3D T2 (long TE) “MRCP”

Transfer of patient to sonography,
needle placement, transfer back into MR scanner

Axial and coronal noncontrast fat-suppressed T1

Coronal dynamic fat-suppressed T1
(at intervals of 30 s-1 min for 15-30 min)

Interstitial, transpedal contrast application, active movement
of patient to propel contrast medium into central lymphatics

Coronal and axial delayed high-resolution T1

Coronal and axial fat-suppressed T1
(at intervals of approx. 5 min for 30 min)

Abbreviations: DCE-MRL, dynamic contrast-enhanced magnetic resonance lymphangiography; MRCP, magnetic resonance cholangiopancreatog-

raphy; STIR, short tau inversion recovery; TE, echo time.
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As stated earlier, MRL with interstitial pedal injection of
contrast medium is an established technique for the evaluation
of peripheral lymphatics in patients with lymphedema or
lymph node metastases.>>>3 However, when performing in-
terstitial pedal contrast application with the patient laying
down, only the peripheral lymphatics up to the inguinal or iliac
lymph nodes are typically visualized even if the patients do not
suffer from lymphedema.?’ To overcome this limitation and
achieve enhancement of central lymphatics with peripheral
interstitial injection, several specific contrast agents have been
developed over the years, including dendrimer-based gadolini-
um-labeled contrast medium,>* lipophilic perfluorinated gad-
olinium chelates,>®> and gadofosveset premixed with human
albumin.3® These contrast agents remained in their experi-
mental stage or are currently not commercially available for
clinical use. However, as recently described, tMRL can also be
performed using a standard gadolinium-based contrast agent
by employing an adapted technique for interstitial transpedal
contrast application as described later. Using this technique
makes exact timing of image acquisition necessary, as there is a
narrow window of 10 to 50 minutes after injection when
adequate enhancement of central lymphatics can be observed,
starting within 5 to 15 minutes after contrast injection.'*

tMRL has so far been primarily evaluated for thoracic
chylous effusions and showed a high technical success rate of
over 90% and provided clinically useful information for
treatment planning. Relevant anatomical variations, lym-
phatic pathologies, as well as possible interventional access
routes could be identified also in 88 to 96% of cases.'*

Examination Protocol

All currently reported transpedal MRL examinations of the
central lymphatic system have been performed on 1.5 T
scanners.®'® As for noncontrast or nodal DCE-MRL, the
patient is placed in supine position on the MR scanner table.
As tMRL depends on passive lymph flow from the periphery
into the central lymphatic system, a leg wedge is not rec-
ommended. The patient has to be awake to ensure adequate
cooperation, because active movement is necessary to propel
the contrast agent into the central lymphatics.

A phased array torso/anterior coil is placed on the patient
to allow for imaging from the groin to the neck. In patients in
whom the peripheral lymphatics of the legs are of interest as
well, a second anterior coil can be placed on the legs.

Before the MR examination is started, both feet are
prepared under sterile conditions to perform local anesthe-
sia of all eight interdigital spaces (~0.2 mL local anesthetic
per interdigital space) using a 27-gauge needle.

After that, noncontrast MR imaging can be performed as
described earlier with T2- and T1-weighted sequences. Al-
though initially described employing an axial breath-hold
three-dimensional T1-weighted multigradient echo sequence,
the same sequences as for nodal DCE-MRL can be used.

After noncontrast imaging, a diluted contrast solution is
prepared (6 mL 1.0 mmol/mL gadolinium-based standard MR
contrast agent diluted with 0.9% saline solution to 8 mL). This is
done to increase the volume of the solution for injection and to
reduce the osmolality of the contrast agent. This solution is
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then injected intradermally in all eight interdigital web spaces
(1 mL per interdigital space). It is important to inject the
contrast medium into the dermis, avoiding penetration into
the subcutis or muscle. This is achieved by inserting the needle
tangentially into the skin. Immediately patients have to active-
ly move their legs. The best option is to let the patients get up
from the table and tell them to walk or do knee bends (adapted
to patient’s condition) for 3 to 5 minutes. After that the patient
is again positioned on the examination table and after a short
survey scan, postcontrast T1-weighted images are acquired at
intervals of approximately 5minutes over a period of
30 minutes to evaluate lymphatic flow. If no enhancement of
the central lymphatic system is observed within 30 minutes,
the examination can be aborted.

As with noncontrast and nodal MRL, multiplanar recon-
structions and maximum-intensity projections are also
helpful for image interpretation.

Contrast injection can lead to transient swelling at the
injection sites. Other adverse events of this technique have so
far not been reported. However, especially in patients with
lymphedema, strict asepsis is important to avoid possible
infection complications.14

Applications

Pathologies of the central abdominothoracic lymphatic system
overall are rare, but are associated with high morbidity and
mortality rates. Especially drainage of milky, chylous fluid
(i.e., richin chylomicrons and triglycerides [>110 mg/dL]) from
any body cavity (e.g., pleura, peritoneum) should arouse the
suspicion of a lymphatic pathology.>* In these cases, as well as
in patients with associated diseases such as plastic bronchitis
or protein loosing enteropathy, lymphatic imaging techniques
such as MRL have changed the pathophysiological understand-
ing of these conditions and lead to new interventional treat-
ment options. Clinical applications of MRL have expanded
rapidly over the last few years. However, owing to its relatively
recent introduction and to the fact that only specialized
centers perform MRL in larger numbers of patients, published
data on efficacy and usefulness of MRL is scarce.

Traumatic Chylothorax|Chylopericardium|Chylous Ascites
The most prevalent cause of traumatic chylous effusions
nowadays is iatrogenic injury, especially during esophageal,
aortic, or heart surgery. Often larger lymphatic vessels are
injured (e.g., the thoracic duct itself) leading to high lymphatic
output and considerable morbidity and mortality of uncon-
trolled chylous effusions (overall mortality up to 50% within
6 months after surgery).> MRL, either nodal or transpedal, can
help pinpoint the exact location of leakage and can therefore
be helpful in pretreatment planning'# (~Figs. 5 and 6). Even if
the location can be approximated from knowledge of the
surgical method, the author always tries to perform MRL
even in seemingly straightforward traumatic cases, as relevant
anatomical variations or other underlying lymphatic patholo-
gies can alter the interventional approach in some cases. The
2017 ACR guidelines rate the use of MRL in traumatic chylo-
thorax with a score of 6 (i.e., may be appropriate).’
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Fig.5 Traumatic chylothorax. A 79-year-old patient with a high-volume therapy refractory right-sided chylothorax after resection of esophageal
cancer. (a) Coronal MIP MRL after intranodal contrast application showing enhancement of retroperitoneal lymphatics, the cisterna chyli, and the
thoracic duct up to its termination in the left venous angle. There is a postoperative leakage from the thoracic duct as the cause of chylothorax
(arrow). (b) Corresponding X-ray lymphangiogram after transabdominal thoracic duct embolization. Notice that using the oily contrast agent,
there is no visualization of the thoracic duct above the leakage site (arrow).

Cutaneous Lymphatic Fistula/]Lymphoceles
Cutaneous lymphatic fistula and lymphoceles can be sequelae
of various surgical procedures (especially lymph node dissec-
tion or vascular surgery), of lymph node biopsies, or—in rare
cases—even of trauma with injury to lymph vessels and nodes.
These injuries can also lead to secondary lymphedema. The
most common sites of lymphatic fistulas and lymphoceles are
the inguinal region, the pelvis, and the axilla.>3® Continued
therapy-refractory lymphatic leakage is rare, but poses a
relevant clinical problem, especially due to infections, derma-
tological problems, or delay of further (oncological) therapy.*'
Peripheral lymphatic leakage can be evaluated by intersti-
tial tMRL, while more central leakage and lymphoceles can be
assessed by both tMRL and nodal DCE-MRL. The aim of MRL in
these cases is to visualize the often complex anatomy of
inguinal and iliac lymphatics and their possible connections
to the leakage®? to facilitate interventional or surgical treat-
ment (~Fig. 7).

Nontraumatic Chylothorax|Chylopericardium|
Chylous Ascites

Nontraumatic chylous leakages can be caused by numer-
ous conditions primarily or secondarily affecting the
lymphatic vasculature. Lymph vessel obstructions with
backflow or rupture and leakage or direct lymphatic
duct infiltration of malignant tumors are a few of the
more prevalent pathological processes behind nontrau-
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matic chylous leakages.> Furthermore, (congenital)

lymphatic pathologies (often with chylolymphatic reflux)
can lead to chylous effusions.

Lymphatic imaging has played a central role in elucidating
the pathophysiology of several of these conditions in recent
years so that targeted treatment options became available.*3
Both nodal DCE-MRL and tMRL can be employed in patients
with nontraumatic chylous effusions to visualize the indi-
vidual lymphatic pathology (~Fig. 8). However, initial expe-
riences have shown that nodal DCE-MRL might be superior to
tMRL in these conditions, because it yields more dynamic
information and contrast-agent can be flushed into the
central lymphatics even in cases of lymphatic obstruction
which may not be successful in tMRL.2

Lymphatic Flow Pathologies

A special form of nontraumatic lymphatic pathology is the
so-called pulmonary lymphatic perfusion syndrome in
which lymphatic flow is directed away from the thoracic
duct (or other large lymphatic ducts) through aberrant
vessels into the mediastinum, the lung parenchyma, and
even retroperitoneum and mesentery.**~46 Among others,
this phenomenon can be observed in the following:

 Congenital chylothorax (in infants).
« Idiopathic chylothorax (in older children and adults).
« Plastic bronchitis (in children and adults).#>:#7:48
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Fig. 6 Interstitial transpedal MRL of a 59-year-old patient with therapy refractory chylous ascites after esophagectomy. (a-d) Axial slices and (e,
f) coronal MIP reconstruction of T1-weighted MRL after contrast application showing enhancement of the cisterna chyli and the thoracic duct
(arrows) with complete transection of the thoracic duct in the upper abdomen as the cause of chylous ascites. There is consecutive massive
extravasation of contrast into the abdominal cavity with enhancement of the ascitic fluid on late images (arrow heads on a-d and f).

Symptoms can occur spontaneously, after minor trauma or
infections. Children with congenital heart disease (e.g., after
Fontan surgery) are especially susceptible to this condition.*8

The imaging investigation of flow pathologies warrants
high spatial resolution and dynamic flow information, which
can best be gathered by nodal DCE-MRL. MRL can show
various patterns ranging from a normal central lymphatic
system over a normal thoracic duct with dilated and tortuous
alternate pathways with reflux to obstruction/absence of the
thoracic duct or venous run-off with reflux via alternate

pathways (~Fig. 9).">4®4% This information is critical in
adequately planning further treatment. While lymph vessel
embolization may be useful in cases with normal thoracic
duct to occlude alternate lymphatic pathways, it may be
contraindicated in patients suffering primarily from an
obstructive process.'

Lymphatic Malformations
Vascular malformations are a complex group of congenital

slow-flow pathologies including localized lymphatic
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Fig. 7 Peripheral lymphatic leakage. Interstitial transpedal contrast-enhanced MRL of a 57-year-old patient suffering from a refractory inguinal cutaneous
lymphatic fistula after lymph node dissection due to lymphoma 6 weeks ago. (a, b) Enhancement of ventromedial lymphatics of the left leg. There is inguinal
extravasation from an injured lymphatic vessel (arrow) which is drained via an indwelling catheter (arrow heads). There is also faintly preserved central run-
off via intact lymphatics. (c) Two areas with dermal backflow (short arrows) as a sign of peripheral lymphedema.

malformations, generalized lymphatic anomalies, Gorham’s
disease, or kaposiform lymphangiomatosis (overall,
1:2,000-4,000 births).*® The majority of lymphatic malfor-
mations are localized in the neck and are identified in
patients younger than 2 years®®>! and can be readily identi-
fied on conventional MRI. Intravenous dynamic contrast-
enhanced MRI can help in identifying mixed venolymphatic
malformations.

However, lymphatic malformations can also lead to chy-
lolymphatic effusions. Treatment of these patients can be
very challenging especially in generalized pathology. T2-
weighted imaging is important to visualize lymphatic masses
following large lymphatic pathways and involvement of
other structures (bone, liver. etc.). In contrast to central
conductive lymphatic disorders, the latter points to the
diagnosis of Gorham’s disease, generalized lymphatic anom-
aly, or kaposiform lymphangiomatosis.

Lymphatic embolization or surgical clipping should now-
adays not be undertaken without adequate pretreatment

Seminars in Interventional Radiology  Vol. 37 No. 3/2020

imaging showing the individual lymphatic anatomy and flow
pattern. As abnormal lymph flow seems to be the cause of
chylous effusions and/or progressive interstitial lung disease,
the exact flow pattern has to be identified to prevent
worsening the condition by occlusion of the “wrong” lym-
phatic vessels. Lymphatic flow can be considerably increased
in patients with lymphatic malformations which can be
observed on MRL by a tortuous and dilated thoracic duct.
As with lymphatic flow pathologies without malformation,
nodal DCE-MRL seems to be superior to tMRL in evaluating
central lymphatic malformations (~Fig. 10).3->2

Differential Indication of DCE-MRL and tMIRL

The choice of the adequate MRL technique depends on
individual patient characteristics, the clinical situation, as
well as local expertise and logistics. As tMRL requires active
cooperation of the patients, nodal DCE-MRL is the technique
of choice in patients under general anesthesia and pediatric
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Fig. 8 Nontraumatic chylothorax. Interstitial transpedal contrast-enhanced MRL of a 35-year-old female suffering from refractory bilateral
chylothorax and chylopericardium (already drained). (a, b: axial, ¢, d: coronal) Normal enhancement of the thoracic duct with chylolymphatic
reflux from the left venous angle into the mediastinum and pulmonary hila as the cause of chylous effusions. (e) Oily X-ray lymphangiography
corroborates MRL findings. Chylous effusions ceased immediately after thoracic duct embolization.

Fig. 9 Lymphatic flow pathology. Nodal DCE-MRL of a preterm 6-month-old male suffering from Noonan’s syndrome with refractory bilateral
chylothorax and chylopericardium. Coronal MIP reconstructions of an early (a) and a later (b) dynamic postcontrast series. There is no visible
termination of the thoracic duct or relevant venous enhancement as signs of outflow obstruction. Notice the massive chylolymphatic backflow
via alternate lymphatic pathways into the lungs (especially on the right side; arrow), the mediastinum, the thoracic wall, and cervical soft tissues.

patients.' Dynamic information on lymph flow of tMRL is
limited in comparison to DCE-MRL in which the flow of the
entire contrast medium can be visualized.'® Therefore, DCE-
MRL is better suited for the evaluation of lymphatic flow
pathologies. tMRL as the technically simpler and faster

alternative is especially useful in traumatic lymphatic lea-
kages and in patients in whom no inguinal lymph nodes can
be identified on ultrasound or in centers without logistic
prerequisites for nodal MRL. There are currently no compar-
ative studies between nodal DCE-MRL and tMRL. However,
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Fig. 10 Lymphatic malformation. A 67-year-old man with spontaneous right-sided chylothorax. Axial T1-weighted contrast-enhanced transpedal
MR lymphangiography (a-d) and corresponding digital X-ray lymphangiogram (e). MRL and X-ray lymphangiography demonstrates cystic
lymphangiectasia in the posterior mediastinum (short arrows) as well as a normal caliber thoracic duct (long arrows) above and below the
pathologically dilated lymphatics. Chylothorax resolved completely after embolization.

Table 3 Possible clinical scenarios for differential indications of nodal DCE-MRL and tMRL (no comparative studies available!)

Nodal DCE-MRL

Interstitial transpedal MRL

Abdominothoracic pathologies

Thoracic and/or peripheral pathologies

Necessary anatomical and dynamic information
(especially in suspected lymphatic flow disorders)

Primarily anatomical information needed

Complex pathologies
(e.g., combined chylothorax/chylous ascites)

Especially traumatic etiology

Immobilized patient

Patient awake

Necessary general anesthesia
(e.g., intensive care patients, children)

No central obstruction anticipated

Peripheral lymphedema

No lymphedema (for central lymphatic examination)

Abbreviations: DCE-MRL, dynamic contrast-enhanced magnetic resonance lymphangiography; tMRL, transpedal magnetic resonance

lymphangiography.

some initial suggestions for differential indications of nodal
DCE-MRL and tMRL can be summarized from clinical expe-
rience with both techniques (~Table 3).

Conclusion

In conclusion, MRL is a valuable diagnostic tool in patients
with suspected lymphatic pathologies. It provides informa-
tion on the anatomy of the central lymphatic system, lym-
phatic pathologies, and can therefore be used for treatment
planning. MRL may therefore lead to anatomically modified
interventional procedures and potentially shorter interven-
tions and less radiation exposure during interventional
treatment.

Nodal DCE-MRL yields superior information on lym-
phatic flow which is particularly relevant in patients with
suspected lymphatic flow pathologies and lymphatic mal-

Seminars in Interventional Radiology  Vol. 37 No. 3/2020

formations. However, it is time consuming and has high
logistic demands due to necessary sonographically guided
lymph node cannulation outside of the MR scanner room.
Interstitial tMRL is a technically simpler alternative for
central lymphatic visualization forgoing the need for sono-
graphically guided puncture. It also yields information on
lymphatic anatomy and function not only of the central but
also of the peripheral lymphatic system. However, dynam-
ic flow information is limited compared with nodal DCE-
MRL. Prospective comparative studies between both tech-
niques are necessary to determine optimal clinical
applications.
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